Nitrosable amines and amine derivatives have an important role in many industrial processes. Handling, production, and use of these chemicals may result in exposure to the corresponding N-nitroso products, which could have mutagenic or carcinogenic activity (1). Cutting fluids are widely used to reduce the temperature of the metal-tool interface during metal cutting or grinding and have been found to contain some N-nitrosamines. N-nitrosodiethanolamine (NDELA) is the most common N-nitrosamine in cutting fluids, which are formulated with ethanolamine and nitrite, the precursors of NDELA (2). NDELA is a strong animal carcinogen (3-6), a mutagen in the Ames test after activation with alcohol dehydrogenase (7, 8) , and a potent inducer of DNA damage in primary hepatocytes in vitro (7,9). For these reasons NDELA could represent a health risk for workers in the metal industry, who are exposed by direct skin contact or by inhalation of the oil mist.
Nitrosable amines and amine derivatives have an important role in many industrial processes. Handling, production, and use of these chemicals may result in exposure to the corresponding N-nitroso products, which could have mutagenic or carcinogenic activity (1) . Cutting fluids are widely used to reduce the temperature of the metal-tool interface during metal cutting or grinding and have been found to contain some N-nitrosamines. N-nitrosodiethanolamine (NDELA) is the most common N-nitrosamine in cutting fluids, which are formulated with ethanolamine and nitrite, the precursors of NDELA (2) . NDELA is a strong animal carcinogen (3) (4) (5) (6) , a mutagen in the Ames test after activation with alcohol dehydrogenase (7, 8) , and a potent inducer of DNA damage in primary hepatocytes in vitro (7, 9) . For these reasons NDELA could represent a health risk for workers in the metal industry, who are exposed by direct skin contact or by inhalation of the oil mist.
Following an integrated environmental/biological monitoring approach previously used by our research group in different working environments (10) and drawing from published studies of NDELA monitoring in metal industries (11) (12) (13) We collected new and used cutting fluid samples (N = 63) during working hours in several metal factories, took them to the laboratory, and tested them for nitrite content by a rapid and semiquantitative method. The samples that were positive for nitrite, a NDEIA precursor, were analyzed for nitrite content by a quantitative method, NDELA content, and mutagenic activity. Nitrite-negative samples were analyzed only for mutagenicity to detect mutagens other than NDELA. The scheme of the environmental monitoring approach followed is given in Figure 1 .
Nitrite detection was first performed using a rapid and semiquantitative screening method (Merckoquant, nitrite test, Merck, Germany), where test strips were immersed in the emulsions. We performed the quantitative nitrite determination only on nitrite-positive samples, using an analytical procedure that is an adaptation of standard nitrite/nitrate determination to a continuous flow analyzer. A 1-ml aliquot was used for the determination of nitrite using a dual-channel, continuous-flow nitrite/nitrate analyzer (14) . Samples positive for nitrite were combined with 1-2 g/100 ml of NaOH and analyzed for NDELA determination. We treated 0.5 g of cutting fluids with about 2 g sulfamic acid to destroy the nitrite and added dis- tilled water to yield 15 ml. Extraction was done using a silica column containing a layer of ascorbic acid (to trap ethanolamines) and a layer of potassium carbonate (to trap ascorbic acid), eluted with 50 ml ethyl formate containing 2% methanol. We evaporated extracts to dryness under a stream of nitrogen and reacted the residue with 0.3 ml of a silylating agent (Nmethyl-N-trimethylsilylheptafluorobutyramide) at 80°C for 2 hr. NDELA quantification was carried out by gas chromatography/chemiluminescence detection (TEA 502) (12, 13 _Oa-l= a-.l=e. The results were obtained from preincubation assay with S. typhimurium TA100 strain +S9 mix and are expressed as revertants/plate and mutagenicity ratio data (revertants/plate for the sample divided by revertants/plate for solvent control). Specific mutagenicity, expressed as net revertants/ml of corresponding oil, was also calculated by linear regression analysis of the linear portion of the dose-response curves. The doses tested are expressed as volume of corresponding oil.
aExtract was toxic at this dose.
The nitrite-negative samples were always nonmutagenic when tested in toto (TA98 and TA100 strains, ± S9) or as basic fractions (TA100 + S9 or + alcohol dehydrogenase). In contrast, 61% of the nitrite-and NDELA-positive samples (8 samples, 12 .7% of the total samples) were mutagenic to TA100 +S9 in the basic extracts (Table 2) . When tested in toto, only one sample was mutagenic to TA100 +S9. It must be pointed out that even though nitrites are mutagenic to TA100 -S9, all the samples were negative when tested using TA100 -S9 or TA98 ±S9.
Activation by alcohol dehydrogenase gave positive results only in the A3 sample, which had the highest concentration of NDELA (1900 mg/kg; Fig. 2 ). The negative results for the other samples could be due to the lower NDELA concentrations.
Sample A3 was also the only positive sample when tested in toto with TA100 +S9.
The mutagenicity ratio and specific mutagenicity data revealed extremely high activity for sample C2 and high activity for samples B2 Figure 2 . Dose-response curves of mutagenicity (expressed as mutagenicity ratio) found in sample A3, tested as in toto samples (S. typhimurium TA100 strain +S9 mix, plate test) and basic extracts (S. typhimuriumTAlO0 strain +S9 mix or alcohol dehydrogenase preincubation test).
It should be pointed out that mutagenicity was found among the samples with the highest NDELA content (.5 mg/kg).
However, because tests with the alcohol dehydrogenase activating system were positive for only one sample, mutagenicity is probably due to other basic compounds different from NDELA. These unknown mutagens were not found in the nitrite-negative samples. Thus, unknown mutagenic substances are present in the basic extracts of these products. Identification of these compounds could lead to better estimation of the health hazards associated with exposure to cutting fluids.
In conclusion, preventive programs based on nitrite screening in the field, together with mutagenicity testing of cutting fluids, are important for identifying samples that could potentially contain NDELA and other unknown mutagens. All cutting fluids should be monitored for nitrite content before use in factories by using rapid nitrite screening tests, and the positive samples should be rejected or, as mandated in some countries, the nitrite in cutting fluids should be banned or restricted to those products that do not contain amine precursors. However, the presence of unknown potential mutagens in these fluids should be monitored using short-term mutagenicity tests both in in toto samples and in the basic extracts. All these measures should be carried out along with more general preventive measures in the workplace to minimize the health hazards associated with occupational exposure to cutting fluids. These results will be completed with further data, obtained from the biological monitoring program carried out among the workers of the metal factories where NDELA-positive cutting fluids are used.
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